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In both natural and agricultural communities, the environment is seldom optimal for plant growth. Environmental stress limits the overall productivity of US agriculture to 25% of its potential (Boyer 1982) . All mesic environments experience large seasonal fluctuations in light, moisture, temperature, and nutrients, often to levels that are suboptimal for plant growth, so the plant is continuously encountering new combinations of environmental stresses. Moreover, most natural environments are continuously suboptimal with respect to one or more environmental parameters, such as water or nutrient availability.
The nature of controls over plant growth in suboptimal environments is of particular interest, because these are the only habitats into which agriculture can expand in most developing countries, and impending global climate change will alter the suitability of most terrestrial habitats for plant growth. Consequently, we need to understand the physiological mechanisms that enable plants to survive and reproduce under suboptimal conditions.
To date, most research on the physiological responses of plants to environmental stress has focused on the responses of plants to specific stresses (Osmond et al. 1987 All plants respond to stress of many types in basically the same way plants adjust osmotically in response to salt and water stress (Morgan 1984) , increase their potential to absorb nutrients in response to nutrient stress (Lee 1982) , and alter the quantity and balance of photosynthetic enzymes in response to shade or light stress (Evans 1989) .
However, two lines of research suggest that plants also have a centralized system of stress response that enables them to respond to any physiological stress, regardless of the nature of that stress. First, ecologists have noted that certain suites of traits characterize plants from all lowresource environments (e.g., deserts, tundra, shaded understory, and infertile soils). These traits include slow growth, low photosynthetic rate, and low capacity for nutrient uptake (e.g., Chapin 1980 , Grime 1977 , Parsons 1968 .
Second, physiologists have observed that individual plants respond to most environmental stresses by changing their hormonal balance, frequently producing more abscisic acid and often less cytokinins (e.g., Chapin et al. 1988b ). Recent research suggests that these hormonal changes are the trigger that directly elicits reduced growth in response to environmental stress; low availability of a resource simply activates this stress-response system.
The purpose of this article is to summarize and integrate these two lines of research and to propose that there is a basic physiological framework that regulates plant growth in response to environmental stress. This framework is complex, involving changes in hormonal balance, water relations, carbon balance, and nutrient use. Broad multidisciplinary approaches may now provide new insights into plant responses to environmental stress. This idea contrasts with the general trend in plant physiological research toward increasing biochemical detail of specific physiological processes. I emphasize the response of barley to nutrient stress as an example of the integrated nature of carbon, water, nutrient, and hormonal balances of plants.
Traits common to plants in low-resource environments
The central feature of plants adapted to low-resource environments is that they grow slowly, even when provided with an optimal supply and balance of resources. This slow growth is seen in plants that are adapted to infertile soils (Chapin 1980 , Clarkson 1985 , dry or saline environments, or deep shade (Grime 1977 , Parsons 1968 Regardless of the mechanisms responsible for the slow growth of plants from low-resource environments, it is clear that these species share a common suite of physiological traits such as slow growth, low potential for resource capture, effective chemical defense, and a welldeveloped capacity for reserve storage. This observation implies a common physiological basis for slow growth, despite its evolution in response to quite different selective forces.
A centralized mechanism of stress response Growth response to nutrients. A common perception is that plant response to insufficient nutrient supply involves physiological changes that are unique to nutrient stress. However, the nutritional response of plants exhibits many features that are similar to responses of plants to other environmental stresses. (Figure 3) . Thus, although nitrogen stress causes substantial reduction in water uptake and loss, the resulting changes in tissue water relations are not necessarily the direct cause of the decline in leaf growth. Because at least two mechanisms allow nutrient stress to reduce growth rate, there is redundancy, ensuring that the plant will respond sensitively to its environment.
The (Figure 5) . Insufficient nitrogen supply triggers a change in hormonal balance, including an increase in leaf ABA. The increase in leaf ABA reduces cell wall extensibility and therefore causes a decline in leaf elongation. Alternatively, in some plants the altered hormonal balance could reduce root hydraulic conductance, reduce turgor, and thereby reduce leaf growth. Regardless of the mechanism by which it is achieved, the decline in growth reduces the demand of the plant for carbon, so carbohydrates accumulate and photosynthesis declines to match the lower requirement of the plant for carbohydrate. The mechanisms by which photosynthesis declines probably include ABAinduced decline in stomatal conductance (Schulze 1986 ) and decline in concentrations of photosynthetic enzymes (Evans 1989 ). Thus the decline in leaf elongation and carbon requirement probably lead to the decline in photosynthesis, rather than the other way around.
Why should plants devise an elaborate hormonal mechanism to reduce growth if direct nitrogen effects on (Figure 6) . Consequently, for resources that do not directly limit growth, the plant demand for resources (sink strength) should be more important than resource availability in the environment in determining the rate of resource acquisition (source activity). Nitrogen limitation of plant growth provides support for this hypothesis. Under conditions of high nitrogen availability, plants have a low potential to absorb nitrogen (Figure 1 ) and a low allocation to roots (Figure 3) . Under these circumstances, nitrogen demand by the plant has more effect on nitrogen uptake than does nitrogen availability in the soil (Clarkson 1985) . By contrast, when growth is nitrogen-limited, nitrogen uptake is controlled by the rate of supply from the soil. Under conditions of low nitrogen availability, there is a decline in leaf allocation, photosynthesis (Figure 3) , and water uptake (Figure 4) , due to decreased demand by the plant. Similar patterns are observed in most other studies (Chapin 1980 , Clarkson 1985 
Conclusions
The results described suggest that all plants respond to environmental stress in basically the same way: through a decline in growth rate and in the rate of acquisition of all resources. These same traits are observed in species that have adapted evolutionarily to low-resource environments and in any plant that has adjusted physiologically to a low resource supply.
It appears that plants exhibit a centralized system of stress response that can be triggered by a diverse range of stresses. This centralized stress response system is hormonally mediated but involves integrated changes in nutrient, water, carbon, and hormonal balances of plants. Further studies of these stress responses should consider the integrated nature of these different systems rather than focusing on a single environmental resource. This integration will require a broad interdisciplinary approach that draws on the skills of many types of physiologists and ecologists.
